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|. INTRODUCTION

O Noise-parameter measurements are
moderately complicated & can be
difficult, especially for low-noise and/or
poorly matched amplifiers or transistors.
Need verification method(s) to check that
measurements are correct.

O Would like amethod that tests ability to
measure devices that are active and
possible poorly matched. Would also be
nice to have a method that could be
implemented in an on-wafer environment.




O Suggested method:

@ (b) (©

Measure (a), measure (b), predict (c),
measure (C), compare.

Must have uncertainties for both
measurements & predictions.

O Will present results of simulations
implementing the method, including
uncertainties.

|l. THEORY & SIMULATION

O Processto be ssmulated:

* Measure S-parameters of passive device &
amplifier (don't need to sim; just choose
values & use VNA uncertainties).

»  Measure noise parameters of amplifier

e Predict noise parameters of tandem
configuration

»  Measure noise parameters of tandem config.
o Compare prediction & “measurement.”

@ (b) (©




O Thesmulator:

* Wasdeveloped for the Monte Carlo
uncertainty analysis for NIST noise-
parameter measurements.

e Eachindividual measurement (al S
parameters, reflection coefficients, input &
output noise temperatures) is simulated by
randomly choosing avalue from the
distribution around the “true” value, with the
standard deviation of the distribution given
by the standard uncertainty.

O Thesimulator (cont’d):

» For the“true’ values, use measured values
for two different amplifiers (8 — 12 GHz)
— Agilentamp: F;=25t03dB, G=14.5dB
— NISTLNA:F,~15dB,G=33dB
* NIST measurement & analysis methods are
assumed:

— multiple (near-) ambient input terminations, one
hot input termination

— measure output noise temperatures

— analysisinterms of elements of the noise
correlation matrix in the wave representation:

kgXy= <|01|2> , kgXp = <|Cz / Sz1|2>’ kgX12 = <01(°z / 521)>




O Thesimulator (cont’d):

 Resultsfor X'sare converted to | EEE noise
parameters.

e S0, simulate measurement, analyze, repeat.
40,000 times.

0 Uncertainties

e Measurement uncertainties

— Type-B: ug(X) = std dev of distribution of
simulated measurement results for X

— Type-A: thefit to each ssimulated measurement set
returns the fitting parameters (X' s) and the
covariance matrix, V;; . For the sim, we use

ua =+/(V; ), where avgis over al the sims.

O Uncertainties (cont’ d)

» Prediction uncertainties. normal propagation
of uncertainties

Xi = fi(X1S!SAPD) UE(XI ): Z—_
For example,
X, = é“szpz‘le +‘17 S-GSEZ‘Z Xy + 2Re[SZPZ(17 S-I_A]_SEZ)X121+TP(17‘S§2‘2 7‘85’1‘2]}: e

so need partials of X, with respect to X, X,,
Re& Im X, Gy, Re& ImS;;A, Re& Im S,;P,
and Re& Im S,,P. Straightforward, but
tedious.




O Uncertainties (cont’ d)

* Toget uncertaintiesin predictions for IEEE
parameters, do another propagation of
uncertainties:

ua(li) = Vi (IEEE) ,

Vij (IEEE) = § o I\, (X))
i e X 9X

For example,
’ X2’ -

2l W2 o
Iopt {Xl +‘511‘ X2 —2R9(511X12 )}

Tmin 2
[1+ T ot J

etc.

[1l. RESULTS

O Graphs compare predictions (based on sim
of measurements of amp alone & passive
device aone) to measurement sims for the
tandem configuration. o

O Show for mismatched transmission line \
(Beatty std) and isolator (nom| nally 20 dB)
as passive device.

O Also show amp aone.

(Pred. istrue value.) /\/\/\N\W
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O Theisolator provides an (approximate)
absolute verification standard because
some noise properties (such as X,,) of the
tandem configuration are calculable from
just the S-parameters of the amplifier and

Isolator.
*
kg X1 = <°1(02 1Sy) >
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Q Preceding graphs showed that the
predictions “should” agree with
measurements if no mistakes. But does
the verification method catch mistakes?
(more work to do on this, but have some
simple results)
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V. DISCUSSION &
CONCLUSIONS

Simulations indicate that method should
be effective.

O Tradeoffs:

Mismatched line provides atest on a poorly
matched device.

Isolator provides an “absolute” verification
standard.

Mismatched line can be implemented in an
on-wafer environment (as could an
attenuator).

Qg

Next steps.
More sophisticated treatment of tests of error
catching.
Measurements.
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